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Fig. 1.  Japanese guideline for treatment of ulcerative 
colitis, dependent of disease severity (2005)
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Fig. 2.  Scanning electron micrographs of simple microspheres
and conjugate microspheres
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Fig. 3.  Drug release profiles from simple and conjugate microspheres in 0.05 M 
phosphate buffer, pH 7.4, at 37 oC
Each point represents the mean ? S.D. (n=3).
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2. 3. ??????????????????????
?? in vitro??
???????????? ??? Ch-SP? ????
? Ch-SP-MS?????????? Eu??????
?????????? Ch-SP-MS/Eu???????
?????????????? ??? Ch-SP?????
Ch : SP-Na :EDC=3 : 1 : 5 (w/w)???? pH 5.5??
???????? 5??? ??? 19????????
???????? ?????????? Ch-SP? 1?
(v/v)?????????? ??? SO-15??????
????? 1200 rpm????? ???? 28 KHz??
???? ?10?? ????????? ???????
?? n-??????????????? Ch-SP-MS
???? ???????????? Ch-SP-MS:Eu = 1
: 1 (w/w)???????? EuL 100??? EuS 100?
??????????? ???? Ch-SP-MS/EuL, Ch
-SP-MS/EuS????? ????? in vitro????
????????19?? Ch-SP? PD????? ? 8?
(w/w)????? ?????????????? Table
1????? Ch-SP-MS?????? 1.3?m???
???? PD????? 4.6? (w/w)????? ???
???????????? ?????????????
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??? 5? (w/w)??????????? ???????
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? FITC-Ch-MS? EuL 100 ??? EuS 100 ????
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??????????????? ??????????
???????? ???? Ch-SP-MS ? Ch-SP-
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Fig. 4.  Particle States of Ch-SP-MS and Ch-SP-MS/EuL100 at 4 h after Incubation at 
37 oC in the JP14 1st Fluid, pH 1.2, JP14 2nd Fluid, pH 6.8, and PBS, pH 7.4
Table 1.  Particle characteristics of Ch-SP-MS, Ch-SP-MS/EuL and 
Ch-SP-MS/EuS
Microparticulate
formulation
Drug content
(%, w/w)
Particle diameter
(µm)
Ch-SP-MS 1.30 ? 0.41
31.78 ? 11.11
28.39 ? 9.86
Ch-SP-MS/EuL
Ch-SP-MS/EuS
4.60 ? 0.74
3.22 ? 0.68
3.09 ? 0.60
a b
a
b
Results are expressed as the mean ? S.D. (n=160).
Results are expressed as the mean ? S.D. (n=3).
? 1? ?pH 1.2?? ? 2? ?pH 6.8?? PBS ?pH 7.4?
?????? 100 rpm? 37?????????????
??????????? ??????????????
?? Fig. 6???? ? 1????? ????????
????? Ch-SP-MS/EuL, Ch-SP-MS/EuS?? ?
????????????????????????
Ch-SP-MS???????????????????
????? 4?????? ?? 50?m???????
???? ????????? FITC-Ch-MS??????
????????????????????? Fig. 7
??????? FITC-Ch-MS?? 1?m???????
4 ???????????????????????
50?m???????????????? pH 6.8? pH
7.4????????????????????? ??
m ??????????????? Ch-SP-MS/EuL,
Ch-SP-MS/EuS ?????? pH 1.2 ???????
????? ????????????????????
?Fig. 8?? pH 6.8? pH 7.4???????? ???? 1
???????m????????????????
??????????????????? ??? EuL
? pH 6??? EuS? pH 7????????????
??? 20, 21?? pH 6.8????? Ch-SP-MS/EuS??
Ch-SP-MS???????????????????
EuS?????????? ????????????
???????? ?????????????????
??? ?????????????????
???? Ch-SP-MS ? Ch-SP-MS/EuL, Ch-SP-
MS/EuS?? 1? ?pH 1.2?? ? 2? ?pH 6.8? ???
?? 100 rpm? 37??????????????????
PD????????? ????? Fig. 9???? ?
???? ? 1????? ???? PD???????
????? ? 2????? PD???????????
?????? Eu??????????? ??? 2?3
?????????????????????????
?????????? ???????????????
3. ????????????????????
?? 200 g???????? 2,4,6 -????????
?????? ?TNBS? ?20 mg? ??? 50? (v/v)?
?????? 0.25 ml????? ????? 7 cm? ?
?????????? TNBS???????????
?????14?? TNBS???? 3??? 24?????
??? PD??? Ch-SP-MS/EuL?????????
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Fig. 7. CLSM micrographs of FITC-Ch-MS after incubation in
different pH media at 37 oC for 4 h
20 µm 20 µm
Fig. 8.  CLSM micrographs of FITC-Ch-MS/EuL and FITC-Ch-
MS/EuS after incubation in different pH media at 37 oC for 4 h 
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?? ?????????????????????? ?
?? Ch-SP-MS/EuL???????????? ???
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???? ???????????????????? ?
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?? 3?????? ????????? 8??????
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???????????? ??? ??????????
?????? ?????????? Ch-SP-MS/EuL?
?????????????????? ???????
?????????????????22??
??????? TNBS???? 3??? 24????
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????????? ???????????????22??
????? Fig. 11???? PD?????? Fig. 9?
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2???????????? 7???????????
????????? ??? Ch-SP-MS/EuL??? ??
?????????????? ??? 1-2??????
???? PD??????? AUC ( 0 -?)??????
??? Ch-SP-MS/EuL??? PD???? 1.3???
?????????????? ?????? Ch-SP-
MS/EuL??????????? ?????????
????????????????
4. ??????????????????? ????
??
TNBS????????????????????
????????? ?????????????????
? 23?? PD ???? Ch-SP-MS ?? Ch-SP-MS/EuL
?? Ch-MS/EuL? ????????????????
??????????? ???????? ??????
????? ??????????? 3???????
???? ???? 5 mg/kg/day? 10 mg/kg/day? dose
????? ???? 2?????????? TNBS?
????? 3????? 3????????? ????
10 mg/kg/day ?????? 12 ????? 5 mg/kg ?
????? TNBS??? 10????????? ???
?? ?????????? ?????????????
???????????????? ??????
Myeloperoxidase (MPO)??????? 7, 8, 14?? PD??
??????????????14?? ?????????
?? Tozaki????????7?? ?????????
???? ????? ?????????? 0??? ?
?????????????? 5?????????
????? ?????????????????? ??
?? ?????????????????? MPO??
? Fig. 12?? ????????? Fig. 13???? Ch
-SP-MS/EuL ?10 mg PD eq./kg? ?????????
?? ???????????????????? ???
Proc? Hoshi Univ. No.51, 2009
? ?? ?
PD
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????? ????????????????????
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???????????
??? ?????????????????????
???????? ?????????????????
?????????? ?????????? ?????
??????? EuL 100?????????????
???? EuS 100????????????????
?? EuS???? PD??????????????
PD/EuS????? ????????? in vitro? in
vivo ????24?? EuS 100 ????????? PD ?
???? 1? (w/v) SO-15?????????????
??????????????? ????? ?????
?? Fig. 14 ???? ????? Table 2 ????
PD/EuS ???????????? ???? 1.2 m ?
PD???? 3.7? (w/w)????? ???? PD/EuS
? in vitro????????? ????? Fig. 15?
??? ? 1??????????? ? 2??????
PD?????????? ??? pH 7.4? PBS???
???? ?????? 2??? PD????????
?????? ?????? PD /EuS?? ??????
? PD??????????????????????
???????
?????? PD /EuS ????? in vivo????
??????????????????? ??????
?????? TNBS?????????????? ?
?????????????? ???????????
?????? ?Cd /B? ????? ?????????
?T/B? ???? ??????????????? ??
??? Fig. 16???? ???????????????
Cd /B?? PD??????????????? ???
T /B?????? PD???? PD/EuS??????
??????? ???????????????? ??
???? PD /EuS?? PD??????????????
??????????????????? ??????
??????? ??????????????????
?? ?Fig. 17?? PD??????????? ????
?????? ???????????? ???????
????????? PD/EuS????????????
PD???????????????????????
?? ?????????????????? ?????
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Table 2.  Particle characteristics of PD/EudS 100
The results are expressed as the mean ? S.D. a) n=3 , b) n=200.
Particle sizeb)
(µm)
Drug contenta)
(%, w/w)Preparation
PD/EuS 3.73 ? 0.74 1.19 ? 0.26 
Fig. 13.  Effect of substances on T/B in rats with TNBS-induced colitis
The results are expressed as the mean ? S.E. (n=3 – 4).
* P < 0.05 vs. PD(10); # P < 0.05 vs. PD(5) and PD(10)
??????? PD????????????????
?? 1?????????????? 8???????
?????????? PD /EuS??? ???????
???????????? 0.2 - 0.5?g /ml?????
????? 12??????????????????
??? in vitro???????????? PD????
??? ??????????????????????
??? ??????????????????????
??????????????? ?????? ????
??????????? ?????????? ????
???? ?????? ???????????????
???????????????? ?????????
??????????????
????? ??????????????? Ch-SP-
MS /Eu?????????????????????
??????? ??????????????????
???? Fig. 18???? ??????????????
?????????????????????????
???????? ?????????????????
????????????
6. ????
?????????????????????????
??????????????? ??????????
?????????? ?????????????? ?
?????????????????????????
????? ?????????????????????
??????????????? ????????? ?
???????????????????????? ?
??? ??????????????????????
???????????????? ?????????
?? ???????????????????????
????????????? ????????????
???????????? ?????????????
???????????????????????? ?
????????????????? 1?m?????
?????????? ???????????????
???? ?????????????????????
???? ??????? TNBS??????????
?????????????????????????
????????? ????????????????
????????????????? ????????
??????????????? ??????????
??????????????
7. ??
???????? ?? 18????????????
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?????????????????????????
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Fig. 18.   Drug release mechanism from Ch-SP-MS (A) and behavior of 
Ch-SP-MS/EuL in the gastrointestinal route (B)
Eudragit layer Ch-SP-MSCh-SP-MS/EuL
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Development of Novel Delivery System with Conjugate between Chitosan and Anti-inflammatory Drug
Hiraku Onishi
Department of Drug Delivery Research
Inflammatory bowel disease (IBD) is a chronic and refractory disease, but actually there are not necessarily suffi-
cient therapeutic systems. Recently, various drug delivery systems have been developed in an attempt to improve thera-
peutic potentials of drugs for the treatment of IBD. Namely, enhancement of efficacy and reduction of toxic side effects
are targets of their systems. In this research, a conjugate between chitosan and succinyl-prednisolone, Ch-SP, was syn-
thesized, and its microparticulate systems, Ch-SP-MS, were developed. Finally, Eudragit L100-coated Ch-SP-MS, Ch-SP-
MS/EuL, were chosen and evaluated in vitro and in vivo. Ch-SP-MS/EuL protected Ch-SP-MS well at stomach pH, well
delivered PD to cecum and colon, and gradually released PD there, while systemic absorption was suppressed almost
completely. Ch-SP-MS/EuL could achieve enhanced efficacy and reduction of toxic side effect of prednisolone. These con-
jugate microparticles are suggested as a useful delivery system to improve anti-inflammatory therapy by steroidal drugs.
